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circuit against electrostatic discharge by constituting a 
protecting circuit of a Zener diode, a bipolar transistor 
(TR), and a resistor. 

CONSTITUTION: A Zener diode D10 has its anode : ^ 

connected to the base of on NPN bipolar TR 01 0 and its 
cathode connected to a mutual connection 1 2. The 
diode D10 can be actualized by using an NPN bipolar TR 
01 2. The collector of the TR 012 should have a low 
resistance, so as to minimize the total sum of the 
reverse breakdown voltage across the Zener diode and a 
voltage drop as a result of an ESD current. A resistance 
RIO is connected between the base of the TR 01 0 and 
a ground. The emitter of the TR 01 0 is grounded, and 
the collector of the TR 01 0 is connected to the mutual 
connection 12. The TR 01 0 is a large NPN bipolar TR 
and has a small parasitic resistance. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 



21.03.2000 
07.01.2003 



http://www19.ipdljpo.goJp/PA1/result/detail/main/wAAAJwaiJuDA406163841P1. 



2004/01/09 



Searching PAJ 



2/2 ^— V 



[Date of registration] 

[Number of appeal against examiner s decision 2003-05746 
of rejection] 

[Date of requesting appeal against examiner's 07.04.2003 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www19.ipdl.jpo.goJp/PA1/result/detail/main/wAAAJwaiJuDA406163841P1. 



2004/01/09 



mn^m^Wfff (jp) (12) §g 4# |^ ^ 



(A) (n)^f^thm<l>m^^ 

#1^^6-163841 

i43){ikmB ^^6^(1994) 6 >^ 10 B 



(51)Int.a.' 
H 0 1 L 27/088 
27/06 



9nO-4M 
9170-4M 



F I 



H 0 1 L 27/08 
27/06 



10 2 F 
3 11 C 





i|#^¥5- 199326 


(71)/iJl^A 


591013469 












5 ^(1993) 8.^110 




i>3 > 








NATIONAL SEMICONDUC 




f 9 2 8 9 0 2 




TOR CORPORATION 


(32)®5feB 


1992^8^12 0 




T^^^Jtl-^mm, tf^Jy:^)U-7 95052. 




(US) 












:/ 2900 






(72)^0^^ 










7 P< U tl-^^mtf Uy:t Ti^N940I4:$^ 








•J • i^v^^, T)V^ ^^^7.^ ^ '^m-r • 








258 



















(54) m^m^m npna'-t ^-^h^>i;x^^^C'ifcESD{^ii 



(57) t^J^] 

3U:i7^;0^^-C>i/Oy'^-/F (10) t'^i^^n, 

u/iJ'^O^Vsstci^i^^nTt/i^NPN h^>v:;!.5^ (qio) 

^^tr. ^Vx^-^^^-frt-H (DIO) C9:^V-H;^>tm- 
OI/Oy^-zK (10) ('^M^n. Ty-H^&tNPNh 
^>>?X^ (QIO) C)^-Xi:m-C0Stn: (RIO) C7)i^^ 

ic^i^^nrii^o m-cDStn: (rio) (D^'mx. vsstc 
[^.^m] w^%m^^<m>. ^mmm (esd) ^ 



Ml B5 g 
H B ? 



IS 

(Bl 



1 



—285— 



1 

m:^mi] ^mmm (esd) /vi'7.:^^ibMm^^ 
m^<o/^y \^t. mm<D^Kmm^ifn^x i c\zm^(o lo 

[^^J^3] ^mSfem (ESD) yi;l/X;6^e^|glBlS& 
(IC) co{llJS*lfg<£4^^'r^fca6tcm^ja[Hl?Sl;:t?ViT 

^fflpji-iJ^^HEs^T^-pT. I c^^mr^ ic/^y so 
^-vi)^. ^-os£pmBE^ I c\z^^mrr^m-<DmM. 

X. ^m^m^. 

^-coiS^tMiBm-c^>AM3j^-^ ^^>>^;^^?'<^^- 



#M^6 - 16 3 8 4 1 

2 

^m£\zwi^^n. ^i5^-co^:^x:h-^-r:t-Hf^y 
m^(Di&^:fymt^m-<Dmmmm\zmm^rix\^^^^m 
7.i)^:2]y^t5^\zmm'^nxy y-\^^mf^\^. j^^^^ 

[0 0 0 1] 
[0 0 0 2] 

[t3£5t^(^g^^i5] ^m^wm."^ (IC) ic:te^t^#m]i[5E 
m (ESD) n'^^Df^mM.x-^^. mmiE]g§tc*5tt 

ET) <Dn^^^—vm\:m^^m.^'^. ^\^^\'twmz. 

^2^<i^^ A-r X CD p - n fg-^ ^^{l: $ -t^-^i ^ O T ^ 
D> ifli^;^ I CcDif)f^^^^±^^:^-r^Ci:tc;^j:^o M 
OS h^>vX:$'tc:fett^A^ou^ ry-h^^bJ^j 
t^, ^(r^mm^mtm\^''^/zn^mxf:L^'^\z\mm:\. 

[0 0 0 3] ^5@#:^A'< X ^c:^:^"r ^ e s d^^coj^^ 
^v-^zlU— ht*^rc5e)»c. 3'p£^S3^&5?^^5';i';^f^^ 

T^^o cne^co^xjwi. E sD^'^tc^-r^^^AW 

T ^ CD tc ^ t/ i ^ CI t T ^ ^ c 
[0 0 0 4] A^^xMi. ^^^xAMX^A:6^1^D 

IS 1 tC^feV^T, 3 >x>i±C 1 liA^^i7)#m^S^ 
T*5 0. iS'^til.5Kfii:L'T^^;Hb^n^>o 3>^> 

■y-c 1 tiioi^mEEv 1 -N^^m^n> '^^■^xnm^^'f 

AMX (DUT) F^^^Ji[^$n^. 275^e> 3KeV5gS 
OD 7" U 5" -V- —xmjEtCfi^ A. ^ C: t OT^ ^5=^A-f X tS. 

X JKCt^ ^ Hi^ O TJE < ^ ^ nx ^ 
l^. MIL-STD-883C, notice 8. method 3015.7, "Electr 
ical Discharge Sens i t ivi ty Tes t (H^iifelL^^ttlS 



—286— 



3 

m " (l989)i::g^$nTV:*^, 
CO 0 0 5] t^^tT^Jk W% r-tfD:t-Aj "^"tJU 

\t. c i7!i^2oopfT^t)> Ri;;^^ r-tfn:t-Aj ^T&m 

t:>r-Dtm<. M^(D^±0Sc6^\tnm\zmi^r. dut 
11^^ J: n ^ A n pj t>(Z) t ^^^cc ^ nx 1/ ^ ^ , 

:^mT^^m^C0E I A J^l^. IC-121 Book 2 (198 
8) ^c:teViT:^/^'-$nT^'i^o 

[0 0 0 6] ^m^A*-f i|£^>^^A*^XCO 
mT^. ESD\Z^^^m<D^t}:^XJ^^i^^a.U-h 

•t^tz^\zm^^^nx\^^^. ::i(D^'T)Uz^n\t. i c 
cfco. fe^m^ (ioo4^;i/h;i^^,2ooo7}^;uh) 'xt^m 

[0 0 0 7] 

nti^m^y'n^7.<omwi.m^^x>w^'^\zn\^x<D'Es 

^<DiifS.^X^X^^^. ^^nSTf^AtCd: 
^ E S D ti^^g/h^t-T^ C t tca,^'m:bnT^T 

D Association, Device Standards Committee:^^^^^"!' 
^Z^Lii^l^m^nx^^^^o 

[0 0 0 8] ^'^u-i7[i. Esu^n(o—'D(D—f^m 

)V^— IC^ b n 1^85. 000 u U 3 > 

o V u 3 y^Wnmm \znvxt'^uri (Dmm^^^ ^ <d 

\z-\'^tix.^)V^-^m-DX\^^^L\^^^^t.\zfs.^. 

-ox^^ib^omnmu^WM. i^oho^kotyzomcD 
^'i':r(omm\z^\.x. y^^mz^r)^muh<Dx^ 
^, A\/i\m\s\2^^^m\z^K>m^-^n^m 

'^^)-^\z^^Lxr'ot^m^^^'yB^K ^n\t. liw/ 



(3) 4^1^^6- 1 6 3 8 4 1 

4 

i\nmmt)^<koi^mzwi?i^mti^^Lx\^^^t:itbx^ 

ymm(DWt^^t\^\'fxmm^t^h^^^'^. 
^n\zxK>m^^umtimm^m:K'^^^f)^i^x^^. 
[0 0 0 9] !s^\z\B\^mm<D:k^'^i)^7.^-)v^o yv 
i*^tt. ^ti\zp^-oxY-hmitm(Dmm<o^mmm^:^ 

10 '^^^xmh~^m£ESD^mo:>:^io::zX/:.\t. y- h 

[0 0 10] ^r)—^^x\tr^^^t^. ESDnm,<Dm^ 

^m^i<Dmmtm\Bim\zu^-^m^y^^ho . ^\^^\tmm 
vx^m^ y h K^-^^\z^\^^xMmmz^ 

-^wi^xm^r^'^mi^ij^^^o ii^. coDi^-izf 
(D^^\t. i^^fs.ESDmmf)mn^±x(Dmm\z:^^^ 
X. mmfs:m^^nmmmm^^^^.'r^:it^mmu'h 
20 <Dh't^^ouv-iT^v'm\\z^'bz.}L\z^-DX%^ 

[0 0 11] ^^(OQUO^K-n^^^-v vv — ^^^ 

^fcmEEt^. ^v'f^Lxcnm.'hw&.^^iYmzx^. cm 
os^-vm\)Lm^^m^^(D\z^-mmmz\^\^^'^ 

T^-So mx.\t. 3KeVlC-^®$n:^cA^^x;Vtl, 2 

mMmK\^A^-K^m.7Lxm^^n.\'^if^. e:cD8 4^;u 

h <h ^ cone. 5Mni(^ CMO S^}t?*lC:fel/^TiUlM6*}T 
[0 0 12] E SDX hl/T^T^f^^l^t'l^LTIET^^.^ 

tcts, ^^:^-Y^2tm^mzmt^'^x^%.^n. 

^cD^.'^t:::fov^TA:^tc:fefrt^mjE<?5±#75^^^>:/$ 

40 r:>\^x(D^nm^¥-vm\tm(j^n^M.^'o^'^<. ^ 

t c is -5 m e, CD 1^ p( ;^J ::! X c c CT) ± # ^ ^ ^ > 
[0 0 13] 

50 \mMm^\^^ot.'t^^^W\ '^-dX. ^y^±xm 



—287— 



(4) 

5 

;c ^ b T 0 e> ^^cHJE coifjf^^ S M/h^ tC f ^ 

:it^mm\z\^x^<^t.\z^^xno^t,f)^x^^. 
Tift, -^::ic^^jS-37:)^co^^;^?&ta^^, BPt.. hU:^^Eti 

^^^^m^'^oy^-T.^^m^y^xcD^p^^^ u-^ois 

V ^ T . E S D f&^r -5. CO -h^ ;^ci: t5 ?i < 
[0 0 14] 

(I C) (Dmm.'^^^WM (ESD) 75^e>«tlT-67^cfi6 30 
\Z. I ClC::>V^T^ffipjm^C7)-c^^o I C/'S'^^r— 

i/ii^;^< iitj, \ c\zn\^xn-<DW^m&'^m^^ 
^fc^sbo^m—o^mj^t. I c\zM vxm~(Dmmm&^ 

ntmm.m\zt^mr^rz{ib<Dm^cD i /o^^ai^^wr 

\t. m=:~(omM.\zmt^'^n^o m~'<Dyx.'^-y-f:t- 
v<Dr/'-]^\tm-(Dts.tR<Dm-'Coi^'^\zmf^'^n. ^ ^ 

[0 0 15] ^^m<o!^mRmt^(D^Ki ^^^mm\t. so 



1 6 3 8 4 1 

6 

:^^m(om^:^m \^^^nx^^^m7jkmjimmm'^7r: lt 

[0 0 16] 

v^->^^tmmmz\:i. m:s.mm\2^ift\^xmm\B\^m 
mn^tmm.mzmm'^nr^mmiy'^y y^io^^a^x^^ 

Ty — Ht&^N P NAM 4^—^ hy>i^:^i^QlO<D<—7. 

Tl/^-So ^'1':t-FD10li> ^3 (b) t::^^nTC'^^ 

Z^X^Qn^m^^X^m-t^^ttJ^X^^o CKD^t^T^ 
5^AM7.ti, 16.8X3.0/tm^CD:$^<:t— HSffi^^r^fT^ 

t^mH:0^t):^c^$n^. h5>>?7.^Q12CD3 

^tLX<Dmj£^Tt<D^sf^EL/}'^m\Zt^^v\z. 

[0 0 17] StaRlO?:/^, h^>i^X^Q10(5D^-X^^ 

mt<Dm\zmm'^nx\^^^o h'7>i>:^i^Qio<DJL^y 
[0 0 18] hy>i^:^^Qio\t'mm<D:k^t^NPi^n 

X ^ y ^m^\t. 4 X 103 X 2. 8 xi tD5^ y yS^iT 

^m-r^z.t-fy^x^^. z.(D^v\zvx. Bsummz 
^^m.m<Dnm^d^'^^>^^^z'r^^^:^^x^^. 
[0 0 19] ESDi^mm^(D^^h^^mmm^^4 
(a) {z^r. ^:i\z:i^\^^xmm^umm]Bi^^yyj^ 

m-COSipmjaEA':/ K311i. ICtC^LTVss^ 

[0 0 2 0] ^<::r-FD10;0^ ^gS^Ji^l2i: h ^ 
;^^Q10<D^-X^(75rBll'^ii^^nTViS. Jg^TLRlOtiVs 

hy>i>x^m(DJi^yi^mss\zmm-^nx\^^ 

^Q20(^^-7.i:COFp1tC^^^nTV^^. i£triR20f^Vss 
^: h^>>^:^5^Q20CD^— Xthcore^lCl^^^nTVi^o 
h ^ > Q 2 0 © n 1/ iJ' ^ S IS^ 2 2 -V ^ li^ $ 

T^^-So ^-1':r-KD30;5V';^y H30 (Vcc) Lh 

^>zy7.i$^Qzo<D^—7.t(Dm^zmm-^nx^^^. fetnR 



—288— 



7 

[0 0 2 1] ^4 (a) \Z.7r.\^fzM^mm:m^^'^^ 
ss, (2) I /OT^ieVcc, (3)Vccdi^Vss. J^r/(4) I /O 

[0 0 2 2] 134 (a) mS^A (b) iC^fel^^T. ES 
0 4 (a) tC*5l^T> jETiifT-r^ESDA;i/Xt3:5^^ 

iz^tC^-a-^o 13 4 (b) l:::J3V>Tti. i^Tjtfrt-^E 

[0 0 2 3] ^5 (a) -BClS^h (b) tC^Sl'iTJl. E 
^0 I2I5 (a) tC:feViT, Vcc 1:1^ lxTIECD@^i$:^■r 
< bTb^>vX3^Q30O-^-X-X5 'y^^-^^^UlA* 

-^ii^T^^n^o 13 5 (b) ICiSV^Tti. ^XzM^'t^'E 

c) , -eniCiiO h^>>?X^Q10CC»^-X-X5 ^^/iJ'^^ 
'&^JIiA-rT;^LT, h^>v^7.i?^Q10CO^^:^^JI/7ii^E 

^:/^5:tJ:S^f^nbi57:$'cfc»3±com&t7^j:0, ESD/^ 

[0 0 2 4] [36 (a) IkXSm^ (b) l:::feViTt^. E 
SD^^JiVccci:Vss^(^fp1lC:fcViT^-r^* 13 6 (a) 
iCiSViT, IEt'iifTT^ESD/^>il/Xli:$^-r:t- HD30 

h ^ > vx^Q3oa)^-x-x5 ^'^-^^jiAW y X 

LT. h^>S^X;$7Q30(Dn l/^^-X5 v/^^^^v'U 
dtESDtlalS^. ^^16bT^-r<fc'5lCLTVss i^^m 
-^h.m<^r>\Z'^^^. ^6 (b) ('i5ViTl5, ^\ZM 
fr-r^E SDA>II/Ztih^>>?7vi$^Q30COn 1/^7 ^COl[ 



(5) #P^6 - 1 6 3 8 4 1 

8 

LTE SD/^;WXtS^)^Em6ciC<toT5i^$nTliS 

[0 0 2 5] 0 7 (a) ^Umi (b) li:fcViTlj;, E 
SD$^tiI/Otf>10i:20^corp^lr*3ViT^-r^o S 

7 (a) (c:*5iiT. nvYmzM\>x^<Dm^k^M't^ 
(^^17a) . -^ndi;^ h^>S^X^Q10(D^- 

bT^ ^ tlT ^ ^ ^ tc b Tg^-- i: ^ < i: -5 IC ^ it 
^7 (b) (C43ViTti. /t^y H10(C^^bT:^COlS^ 

^17c) , ^niwJ:D h^>i^Xi5'Q20CD^-X-x5 
-X^ :>-^^^:^>il/;;?^E SDmSit^. :9^Pni7dtC<toT 

^ !^TLTVi^70^e^> S^lS^EP17dT^TJ:'5tCLTr3 
[0 0 2 6] 

^ COE S D^^ti:2^^BJtwci;^^^IlIgStCcJ:o TKii;^&^ 

[0 0 2 7] ^^0j3^i±^tiUrciiis«?ij©*ffletc^^$n 

[laMOftWcCUiwj] 

[^1] ESDHi^lHlS§OD^BS[EJS§^T$>^o 
[[3 2] ^E5t5(DESD^^lHlg§<DmB§[ElS&l3*e^^o 
[^3] (a) ti^^H^tC^toT^i^fK^nfcESD^IS 
'mk(OW^^'^W^^r>. (b) l^^^:!^:^— :$^'1'^"H 

40 [^4] (a) ^^2^^B^i3^^Tlil^!^^n;^cESD^M 
lH]«SOiff^UVi^Jgfi?iJOiai§[HlS&[2IT^t9. (b) liE 
SD^^LtCfSUTO (a) OW^<J^W\^^7h't. 

[05] (a) Sir/ (b) Ji^4 (a) IC^ L;fc(Hl?Sco 
E S D^^lrES^UTOillf^^r^-r- 

[[36] (a) Rt;^ (b) t^g!4 (a) iC^b/tlnlSSc^ 
E S D^^lCl^bTOibf^^^r- 

[07] (a) IktS (b) (^04 (a) \Z7^\^tzM^<D 

[^^Ol5£HJ] 
5{? 1 0,2 0.3 0.3 1 nv h' 



—289— 



(6) 



6-16384 



1 2 
1 3 iHigS 
QIO. Q20, Q30 



DIO, D20, D30 
RIO, R20, R30 



mi] 



10 




—290— 



(7) 
[1213] 



4^§3¥6- 1 6 3 8 4 1 



=1 

CO 





ro 



—291— 



(8) #Bfl¥^6- 1 6 3 8 4 1 



14] 



5? 
V 



-Wv — 1> 



m 

G 



-VA > 



o 



■R 
G 



-wv — t> 



G 

1^ 



— ^ 



.JO 



—292— 



(9) 



^m^^~ 16 3 8 4 




—293— 



(10) 



4$M^6 - 1 6 3 8 4 



me: 



i-w- 



-AAA*— > 



□ 



G 



-AA/^ C> 



□ 



CO 
CO 



[p3 



-AAA* > 



W 
G 

US' 

UK 



>- to 



—294— 



(11) 



!\^mW-&- 1 6 3 8 4 1 



17) 



Ad 



-Wi ^ 




m 

G 

ipff 



-w. > 



□ 



■R 



-WSi > 



5 



T 



a- 



-w. — t> 



G 



-V>A 1> 



5^ ^ 



(72) ^^p^^ f< V Y • • U'-i' y ;i^X 

137 



2815 



—295— 



§^^6^ 10-0297014 



(19) i:Ht[&l^^&]S(KR) 
(12) e^^51gS(B1) 



(51) Int. CI 
H01L 27/04 



(45) SJimX[ 

(11) mm^s. 

(24) 



2001^10324^ 

10-0297014 

2001LjQ5g17^ 



(21) g^e^m 

(22) m^^x[ 



10-1993-0015555 



(65) 
143L 



^1994-0004802 
1994a 03 ai6i-' 



(30) 
(73) 



(72) 



!X^ 



92-07/928.902 1992t^08^12^ 01^ (US) 
01^ ^aiSLIOf^ 95052-8090. t}E,\ m^\^\ 

^at^uo^ 94014 

QIOIdlE MI.BilOIME^ 
Qli.^e^. DHA^^Aii^ 01833 

Qli.^§^. ^£|5U0^ 95051 



2900 AilDI^^E-l E£^OI^ 
Qi^£! MIEI. 258 dl^Ef ?\\0\ 

^IlEf^. 137 EIILI ^Md!^ 

MdtaK 2815 ^Ejlol6^M 3^ 



(74) CHBiei 



CD 



(54) NPN u\o\mE\ Egijji^as M^m^ aggig(ESD)a^ 



§2 ^^soii Qim ICS smm^ si^^ ;^-iii i/ouhhoii m^eh ^ vss o\\ oiiaiE-iS 

NPN ^^II::^EHM ^ileia. XllLi aOI2E^ A-jj 1 I/OIIHEOII 3H4iH. NPN^^XI :^E-] ^ bllOl^ ^ 

AHiix-ii^::'ioii s^Ei oHi^rHS i>^a. ni>oi£i EfB^^ vss oil s^£iai s^cf. 

NPN bhOIMEh ^^XI:^:^EHS AtgS^^ §S^^2(ES0)S^ 

XII 1 £fe §s ^^a(ESD)Eii:±:M 31^011 a\m m^^. 

M 2 £^ gBHSJ ESQ ^^011 Q\m ^^E. 

Xil3a£^ ^ ^^gOII [C^£F eSD SI^OIl OlE^ ^H^^^^i li^E. 

A-ll 3b £^ AilU QOISEM Mmt^l 9\m NPN U^O|S^^ e^ij-^EHSI A^gOll am OIIAiE. 

A-ii 4a £^ ^ ^^soii [L^d^ esq si^si dh^^^t! ^aioiioii che.^ :?H^^^ei 

HI 4 £ LHXI Ail 7 £^ ESD Oieil^gei Ail 4a £2J s}^ ^^0\\ Qje} 01|A|£. 



[^^sHi gon 

^ ^^S^ ^y^o^^ ^^011 5^0101. ^Ail^^^^ S^^^OIIAHEI ^^2(ES0)(}|1 

«}£AiI sJ^(IC)0|lA^o| §2^^a(ES0)g gXI^ SAilgOIQ. S^^^OIIAHSI mm E^' ^UfOI3°l 

^AH^ ^S¥(features)2J ^£|^ EHIS 0^:?|A|^' ^ . 

owmrn^. ESQ oil 216H r^n^oia^ 2:?HM:i2f sg«xi>^Ei(FET)°i ^^'s >iioim >i^ifM« ui^Ai^t 
>iu. &^6i «}£A-ii cid^oi^s] p-N m2\(^it)M^ ^ ^'Aii^ ic m^m m 

:aiA|^ 4^ 9iC\. M0SM?dX!::i^Ei0i!AH£l Sg^oj '^ilOl^ IHIOlM iL^tf^S] §2 LH^OI 

lo'v/cmOl^^oj m^elD. 
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dtifOl^i^^QilAHHI ESDOieH^HI m.2\m Al^^^lOlM5^^ S.mO\ 3D\X\D\ 9Ji^LM, 2^' 

m £}§5^^ Ei!>i£i# ^^o\ii, Ai^ei!oi<:^ j\^m M^t[o^ i]\2}^ esds^ m^9\ 

5HnnAier^i(ci)^ ?HiiHAi&i>ie AieBiioiea^n ^ti}?«o^^ 100 pf o\^m ti^^o. xi^im) 
s 2}n\9\ x\^m Aieeiioi^am di:h^ lskq^^ah e^^if^cK 3HnHAi§i^(ci)b 

SE[(V1)oM eSE! aeoi! Ell^iMmOilAH ab^01:^{DUT)LH^ 

2 LHII 3 Kev Ollbl 2^' ^ PH^Ol:^^ S^^^ &ie^ 4^ 

Q. 21x\\ e^Oll ll^a^ E^l^^5^:)| ^-im ^^^>lt mil - STD - 883C. notice 8. method 

3015.7. '§2 Ell>:^(Electrical Discharge Sens i t ivi ty Test )*{ 1989) Oil XilgtlOl 

2^ SE^ '0 2^B. CI 01 200pfOl&| R10I '0 SM'Oii ^S5f^ 31^ Xil2l6h:[l^ XII 1 £ 

^^S AfgelCK MM ^^mM^, R1 01 20 L4iXI 40 2M°I ^^1011 SiCK I^l^l A|^^^^ 
2JX-I1 2^S[:t ^'9.0\ mm ^^2AI OUT Oil ^oH ^ =^ ^CH^ 2W ^ 

Sa2 CH SE^S 01^' ^ ^CK 400 MMS 4^ S.!^ CltiFOI:^^^ S^2^ 5lg^^ ^ ^2£| 

am OlEHel- 2^^ ^6! ^^OIIAH AFg£|I2 °[2CN EIAJ Standards of the Electronic 

Industries Association of Japan. IC - 121 Book2( 1988)011 Si,^aOi . 

§2 CIU^OI:^ 2^g £12x^1 Cldmi^^l IIH3IS ^ Eil:^^AI :)! ^I3S ^ ESDHi^ 01l3FUgS Ai 

g^iioiMSf^cii AFgsQ. ol^-^§^ 2^011 9\m^, ichh^ixi^ ch^^hi £j:)i|o| ^jhoii hioHahu d^^^^pi 

oil ^oHAH 2^(1000 MM LHXI 2000 MM)M §SSCK 3^16^01. Pd^OI^^ Clb^Ol^t SLl § 01^ 6IU 

m >i^ SUM ^^s^D. □i:'H pie^ Eie esH oityacn gxie n{iow)ei^id^ 

9\ a[i\0\±Eim 2^AItj2MMi [JHAI^IQ. OldHe^ H^^OW A|^^^^ ISOpsSD ^^2 01. 

QldfOI:^: 2^B nH5IXIS &I2X-11 PUfOii^^l ^^^AlEI ESDOl^MS AI M BIIO! MelD . Dm 

^^9.^ ^EHSi ESD^^^g, 21X]\2\ ESD^^^S ^±mA\d\^Li\ ^°!^0I 20^XIZI°^ D\D^\m ^£-12J ESQ 

^^^m ^:^m Ai5i^c-ii(>ii^ biin^^ ^^o\ o\m^D\ m^ow 4-^^s2M^p°j eso^^^ ep es 
SFP. oiiHE^ sei s^2 Pbmi:^ 2^011 CH6^01 ^xhshi a^xiBi. ^ eos/esd 

Association, Device Standard Committee^ ¥Ei OlttiH^ S^OI OlI^^^lP. 

ESDHSHj e^^^ej ^ehoidl 2000 mm°j elx^l 2^s o.2mj 2^ oiiuxish e::'ioioi. 01^ 

^22M ¥Ei 85.000//m'o| ^a|3^ ggS7)FX| ^^^A|3PI0il e^E.^ OilPIIOIP. ESDOISilM^ £12X^1 

pb^0!>i2j ^£1^ ^§ ^scHi ^^^^m ^^'m ^D\o\\ m^m oiipjis iii^ii ^p. m^ui, o\mm xhs 

D\mB C[B 0\^^tl lEHOii P^ &i^^6FP. 01IS#°j . A!/TiW/PtSi2 Ot^2M l^S 

SSg SP ^2S 2P^ TiW/TIN S^°J k^OII :?ieJ5l01 W/TiW/TiN Ot^2M SCh 

-^oil P^ °Ji.^6^CK ^^PAfO|2sF@(sa1icided)gi.^^. ^^PA^0I201I ^joH - 2 

yioi g^OilXIS 1,^61] ea^Ol^^oMMi, 51^ ^2S ei^fAl^lDI CCH^Oil ^^PAf0|2S}3 

XI a^^ si^sQ^ gi,^ v^oii sp siroi s^p. 

^61. A\o\^D\ -DW^ m±siii seH°j D\\o\^ ^^mm s^^oi naii cchah ^^:^a:?i [tH^oii. 
CMOS g§oi! 01^^ e^^^ei esq us Dii^tueg ^iioim ss^e n^nieip. 

nsa^ ^ e^^^ej A^i.^2M^. :h^^ ii§.^oi esd ?^^°i smoiiah ^eip. oiifie^. ^^nf 

01^^ bfOI01(via)fe JW^^m^D} m ^ 2A>tP. m^^^lMAH liM^^QIl HI2^2M bHxIt.^ M 

ai^Bie ^1 X4i^::'i^ :ii^2hi oiipxim s^s^oi ^^<:i^ai^ 4= siP. ch^h. oiaieh us ^eh^. ah' 
HI esd 2^::?f 2^ SMOii e^ti 2^ ^^01 ^iWo\:^\ si^ e^IOlo^s( layout )f^^oii hi 

xii220ii^ eeHHj CMOS ej^ ^Mg^oi oiiAitiai siP. esd:;^m^I:^hi ^^01 sxmi □sioi g(-) 

^ S^. P0I22(DI)^ ^bFOIOi^i &P. P0I22 XHE^Ot g^6| . ^MOll HI5H UEfU 

a^^g ssoiiAH 2^ m±s}A\d^A-\ CMOS 71I0IM <i.n^§e s^5f:?i(>ii sehm s 

p. 01ISM2. 3 Kev M 01x11 2^8 2 amp HJ ^A|2#01l 6HiJ§^P. ZieH2M. P0I2E 

Xi^B. 0.5m 9] CMOS SSOl Sij^oi >ilOIM lOmn ^[afMOil □j6^01 il^^HJ g^Oil 6Hi.^6^^ 8^M21 
mm 30^0^ ^^011 o|5n UEfU^ SX^I ^l^^e ^XI6F2^ t^Xl 42gOil XIUXI ?^'0\0\ SiP. 

ESD riiMai:^:?^ SXIOll CHSFOI ^K+)^ 3^. 2^0il QjSfOI 2:?IXI :?F^^OI ^XH^^P- 5!2jJtHMAH. P 
0!22(D2)b ^1>^^ 2^^011 OlMfCH^UI ^^51 SSS^Cil. Ol^^m AlgOllAH ^'^ SsOl 
H(clamp)£j^ Si>^OI SiP. Miy5F^I2. D20II ai§^ ^1.^^ E^'B nO\^ <^^^M 1,^^ 2 £P 

^ 2iM2M oHAH. 2b PH^o|^ wnHOii ±^^m ^b s^'oi ^ip. ^^iihmah. 

P0|22(D1}b ^b^0!0]^£!01. SB. :>il0IM tl2\m 2b £11 XI g (I atchup)3f ^B P 

0l(die)SH| OiSj i^^ Dil^^UgOl VccHl M^MAI^ 0:H7}^XI Vcc S g^6! gSA|5i:?l Al^^m 

P. oiaHH^ D^l3^peol esd :^Meii>^ eeh poihi lh^ zqsm o\d\m^o. 

Iia]2M. POISOll 2i^£lb ijCH SE,^OI ^ S^. ESO^Mai:^^ ee.^ SSOil :^>i^£jb S 

^01 ^^rl^SII. Olb PA! m?10\\ 2g£lb Si,^ B2M ^^4iA|5|2M g 1,^ H 

s 0ii3fuge ^^:::^Amp. 

Zl2f ^AIQII. :>i!0|M >L^£FgSH| ::^MEll^b 2& ^'±^Q. 11^2^. ^Mai:^ ^MOll H|oH PP 

Ub Oll^g ^rii^A|3lb 5101 bfi^^5FP. 01b. P0I22(D2)£| S^^M ^^^A|^2M 

MiU Vcc/Vss ^^4iAm2MMi 0||«§ ^ ?19.0\ . 3£^ ^AlOll Xil^Oj 

ii:i^£^£l>ll i.^2MMi OIISl 4^ °iP. ^(snap back) 2b BHxl S ( latchup)^^ e PbfOlr^b 

sp ^B s^^^ oi^bcii A^e£l2i2L^ ^:?fxi bs. ^ Mai?i a^^oi :hioim ^.^sig 2 
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'2im s2f5PI01l #S3! ai^'S ^ 2^o°S OmJE ?1I0|e ^^^A|3|fe Ot:)IAI 

Ejpfe Bg Pbfoi>i3f as^ej SIS Aisaioiis ^issmi egsjAiani wag ^ ofLi 

£1 □b^ol^ ^soi oii^spi was gf^sj aioiojsoii eii-^siDfe b§. aHxigoi Hua^i 2j 4=s mi 
01^ ^ aeioii s& :t4' 3H£ioi m<:l^o^l hisshi oianef ssoi, =81 ga cibmi:^^ e^oii □g} esq 
0^ = 011 g&spioii SS5I m^x\ 2>m ^ acf^ bs, s! g(-)fl?f ^^oi seai ueiu^ s?. 

Olfe ClbfOI>i°l eHxIS gSIAI^ 4^ SiPfe BSOl 2iD. CtlEUH . 0I§ Ehgg X1l3l5t& eS 

SISB SS5Jfe 201 bhgf^^igD. 

as sisfe §a sa(ESD)os ic ^ss assi^ s?5!sj£(ic)2i sfwi Mgg s^u. ic m 

3\X\^ SJ^S} IC oil HI 1 £1 PISaeJM »l 1 g§. IC oil XH 2 SI 3l5a&S g36^fe XII 2 

^ IC 21 2^2121 SIS ^S¥» a:)|5!HS g^AISI^ ^4=3H2| I/O SSS i^feD. HI 1 HiU 
aoi2H2| SHi^Efe HI 1 SSOll g^SIOI HI 1 egHi|>^E-l°l g^Eife HI 1 SSOtI S^HOI Si 

□ HI 1 egHXI^EiSI OIIDIE-lfe HI 2 ggOII §^301 2iCf. HI 1 HIU aOI2E2| OHtEfe HI 1 
3121 HI 1 BJi SI HI 1 S?HXI>iEH2) BllOli^OII g^gCH SiQ. HI 1 XHi>0|2| HI 2 ^X\^ HI 2 IilS 
aglOII 3^301 Sia HI 2 HIU aOISHSI 3H±Hfe I/O §§011 g^aOl °iQ. HI2MSHIIi^EH°l B 
^Eife l/OSSOll g^SIOI 2iCK HI 2 SeHIIi^EH2| O^I□|E^fe HI 2 Ul^SgJOil g^EIOI 91 U . HI 2 XII 
LH CI0I2E2I OHicEfe HI 2 »i.O|2J HI 1 BXf i! HI 2 sgHH^EiS) bilOI^Oit S^£IOI HI 1 

Hi.*:pi2i HI 2 Biffe HI 2 aefoil s^aoi aia. 

s ^ oigoil aa g,'ss} oish^ s ^^S2j s!^l:7^ Ah§@ ^aioiib aoi^fe s^a 

£e ai OlSh e fe^S2J ^►A-llel ^gS ifSSfB ^SS SOICK 
[s ^►go| ^AIOIIOII CHt} feUil& ^g] 

Xie¥Ei HI 3a S^S^e. aS^^S ySfll S^SIS fflSIXIfe S§ nHHdOB SifSIOI gg 

iWEdOfe §^¥(i2)s Ji7^ SIS ^a¥(i3)oii a:5i^°s a^aoi sicf. s ^^soii 2jof 

S. HILi C|0|2E(D10)fe NPN b^OIS£^ ^aXl^iEi (010)21 WIOI:i:0ll OHinE ai fe^S g^¥(12) 

oil S^a 9H:4iE« S?feCL fe^IJI E|0|2E(D10)fe HI 3b EOll EAI^ iHZ\^Q\ aOI£E g^g NPN HI 

0IM£l MI!!Jlii:Ei(Q12)S A^gS^01 ^Sl 2iCK 3£Ht^ Elbmiilife 16.8 x 3.0 /^'2| D0I2E e 
5ja p>£a l^Sogw,1. CH^' 6 SM2| ^f}^ aS^S HISS ^ EgHxi:i:Ei{Q12)21 gejEH^ 

Esoa^si s2fSAi2j aa i^si a; Hiy 9^mm ae.^21 ^sifi a^tsiAisiE^ x^^(^ £S)s 
xiyot thci. 

7HS:7|(R10)fe MgliIli^.EH(Q10)2) B1IO|>i S SXIAIOIOII g^aOl 9JLQ . S gHX|^E-|(Q10)21 0II0IE4& S 

xioii g^aoi 9i°o\ Me!xi^E4(Qio)2i asjE-ife ^►sg^¥(i2)oii s^aoi sjek 
seHxi>iEi(Qio)fe ^i^xH&oi ^^m a^oi npn bioiM£i sgHxi^^EHom. oiiaes. oiioie-i e 
^is 4 X 103 X 2.8 f^^si Qoia^i&^oii M^m ^ 9ic\. zl£^t^ s<t^os, ESD a#oii 210H saa a 

HI 4a EOllfe ESO SIS2| bfif5i& ^AI0tl:'^ OlIAiaOl SIfeai. 0! S^OIIfe ai^joi s5!s)S g 

lIH^lxp^ HI 1 I/O MEdo). hi 2 I/O iiHE{20). HI 1 31^ a& nHE(30). ai HI 2 :3i^ aei 

IIHE(31)« Sif&CK HI 1 agf IfflE(30)fe IC Oil Vcc ■ SSS^:?I ¥l&^OIDi. HI 2 IJIS 3^-^ M 

E(3i)fe IC oil vss • ssspi ?iifoia. a§^°sfe, vss^ sxioii m^siCH 21°°^. ic2i ^e 
XII ab^ol:di2| iJiehE sxisch sia. 

aOI2E(010)b §^¥(12)a! ^e!!XI:!iE1(Q10)S| miO|>^ AhOIOII S^aOl 2iQ. XlifPKRlOfe 

Vss ai Mg!!Xl>iE^(Q10)°l biioii^ A^olo^l g^aoi sici. eeaiiri: eh (010)21 gaiEi^ g^¥(i2) 

oil g^SOl 2i£D1. egHX|>. El (010)21 OIIDlElfe Vss Oil §^301 SICK OI£h:3UIS, lll0l£E(D20)fe 
fe^s §^¥(22)a! M e« II EH (020)21 lH|0|>i AlOIOll S^SOI 910. XI^3|(R20)fe Vss ai 
e|!lx|i:iE1(Q20)°l 01101^ A^O|O^I g^aOl Sia. egHj;|^E4(Q20)a M^'EH^ S^¥(22)0II 
aOI SiECM EeHII:i:EH(Q20)£| OIIDlEife Vss Oil g^aoi 2iEf. Q^U, QOI£E(D30)fe 
iIHE(30)(Vcc) ai Set!Xli5iEH(Q30)°l UIIOI^ A10I0II g^aOi SiCK XI 1.01 (R30)fe IiHE(31)(Vss = g 
XDi! MgHXI^iEl (030)21 tHtOlrJiAfOIOil §^301 . ^ I!! XI ri: EH (030) 21 e^Eife Vcc Oil g^aoi 2i 
offl egHXIr!iE1(Q30)2| OIlOIEHfe VssOII g^aCH SIQ. 

XIS¥Ei, HI4aE01l 01IAI@ SIS =?^m AtgSfOI 43H21 ESDOISIM. ^(1)1/0 - Vss. (2)1/0 - 

Vcc, (3)vcc - vss, ai (4)1/0 - I/O s D\^mjixi mu. 

HI4aE ai HI4bE0||AHfe. ESDOieUS:'! I /OiIHE( 10)a! VssAIOIOIl SHISlD. HI 4a EOllAHfe. g.»(+)°S 
a^ ESD m±D\ aol£E(D10)« ^bhO|01>:(S1^^fi(14a)Sf5)A|i,'oSMH Sg«XI^EUQ10)£l WlOl^i - 
OilOIEI ^b|0|01>iA|3IIi, 0IS2JoH mmE-\ - OIIDIEH JHS^ 2}4^fi(14b)S UEItH SS» III£I 

Vss(gXI)01l ESD awa EgAmCI. hi 4b EOllAHfe. g(-)oS a^ ESDft^i^S ojoH. S§HXI^EH(Q10) 

o| eaiEHfe oiioiEH. gai^j^sfe iJiesQ s M(-)as^ fe^EHs gosMH. xH^s iJiea mm 

gajEHS ^ a#S ESAI3^ S1^^S(14c)S UEftS 2S« (tIEl ESD ±^k\llC 

HI5a£ HISbEOllAHfe, ESD Oie!!S:>l I/O fflEdOai VccAfOIOII BimO . HI 5a EOllAlfe. Vcc Oil CH 
SfOI gf(+)^S§ i^fe ESD aOI£E(030)B e^b10IO1>iAll.'£SMH SaiXl^i EH (030)21 ffllOl;:^ - 

OIIDIEH $U>OIO|^AI5i:n. OlSeioH SeiXl^iEH (030)21 gajEH - OIIOIEH xHyS SI&^5(15a)S 

LfEiy 3S» [[|£t Vss oil ESD a#M ESAIEJCf. Vss ^\ ^^aOH Silil (IHgOII. 

M6HIliiEH(010)a WIOI^ - e^iJEH giJg, ESD a^:)! Slfe^S(l5b)S UEItH bt£l4»0l 31© - S^'EH 

s SoH nHEdos EmaE^ ^bmioi>iSD. 

HI 5b EOllAlfe. g(-)oS afe ESD g^3f P0ISE(D10)S ^b1GIOI^(S1^^S(15c))AIU°SMH SgH 
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^ ESD m^m ^gAI^CK D\^^0\ Vss nn^ODOil m^£\0\ ttH^Oil. ^gHXI^E-](Q30)°l OlIOIEH 

D\^E e^Ei ^^^£101 ESD SI^^S(15d)^ UEftli CCfd^ D\Bm mm Vcc ^ 

l]\ 6a E ^ HI 6b ESD Oie!iM:?F Vcc Vss AfOIOII ^XHttCK HI 6a £01IAH^. + £j 

^ ESD m±:f\ [:foisE(D30)°i E^'(m^B.{\ez)m ^^mn mis^^^Mi. ^iHXi::^E-i(030)°i 

WIOI:^ - OilDIE-] ^U\0\0\±Md\Jl. 01^ ojoH. Me!iXlr^i£H(Q30)°j m^E\ - OWDlEi xw^s m^' 

S(16b)^ UE^tH H[2\^0\ Vss(SXI)^ ESD S^S SeAI^Q. 

HI 6b SOllAi^. £1^ ESQ ^gH XI ^Ei (030)^1 g^Ei^ OIIOlEi ^ Dim ^ 

^ M(-)2^^^EH^ g^^Mi. ESD ^r^^ lF4^S(16c)£ UEftij HfS^^^Ol Dl^m J^xi Vcc ^ 

Hi 7a £ ^ HI 7b £OilAH^. ESD Oiei!^:}^ i/o £!( 10.20) A^OI Oil ^XHefCK HI 7a SOllAH^. u|]E(10)01l 
□ %H-^)^^m ESD ChO!^E(D10)°l ^f>^^ 2 17a) )^ ^J^5M! X-iXIt^^^ 

Mi. M^XI>:E-1(Q10)^ WIOI^ 01I0IEH St^M ^b^OI 01 Al 51 :]! . 01^ °}oW . M^XI >lE^ (010)^ M^EH 
- OilOlE-i XW^E m^R(Mb)^ UPtH b\2\^0\ D\m9.^ ESD EeAj^CL Ht 7b EOIIAH^ 

nHE(io)oii o\o[o\ m(-)^^m esd m:^D\ iihe(20)oii a{o[o\ i>K+)^^e ^^o. DaHE^. e^ 

OISE(D20)^ ^UfO|01::^(at^^S (17C))go^Mi. Jl >,E1 (020)^ tHIOl:^ - OlIDIE-j mmm ^t^^0IO^ 
>^A|5i:n. 01^ ojoH ^^XI±E-i(020)2J M^E-1 - OUDlEi xH^B ^^^R(17d)S UDtll b^£^^^OI D\m^ 
S ESD S^M SeAI^CK MeHXi>iE-|(Q10)°l m^EiD\ OllDlEi ^ :'ie 016^^ ^o[B\D\ CLHgOll. ::'l&^ 
8 s}MR(^76)^ UEftH b^£^^^0l g^E-l^ Eet^EK 

^ ^^gg ^^:?IOil ^AlOilOll ^t^amXF £J£3 >!0I OFUEK SBIE^ 

s^s^ 1 

§2 ^^2(ESD)^::i^^EH sj^ ^s^s ss5^:?i ^\mo\ s^si^dooii chsfqi Aie:?f^§} 
fij^^AH, iy:?i ica si^6f^ iiH9ixi:'K -fe^^ s^^a ic hj ^^^^si ^iJ¥Oii 2::'!^^^ ^mm 
^ ^^D^9\ m^m hh^ixi^. hi 1 ^^^g^^s hi 1 ^ ic ^S¥oii s 

^oV^ HI 1 nHE, HI 2 g^¥M >l ^ HI 2 HJ IC ^S^CHI S^6^^ HI 2 IIHE. HI 3 

¥S IC Oil HI 1 E^'m Hi 3 EHH. ^ HI 4 S^^g iC Oil HI 2 Ul^ 

HISS^^ HI 4 HHEM Si,^5fffl. ^^::J| sJ^^. OHEE S 9|]:4^EM HIU DOISE; ^1 

01^, m^E\, ^ OilDIE^M i^^^ HI 1 dfOIMaf ^^Xlr^EH; ^ HI 1 HI 2 &XFS il^^^ X-ll^:'IS it 
HIU QF0I2E2J 9H^E^ HI 1 S^^Oil S^SCH HI 1 M^Xi>::E-i^ M^EH^ 

X-il 1 S^¥01l g^£]Oi HIU aOISEHj OHicE ^ Xl! 1 M^XIr^E-12| WjOl^^ Xi^D\9\ 

HI 1 BXIOil g^£JCH 21^01. H! 1 ^^Xl^iEiSj 0110161 ^ Xil>0|2J HI2E^X^^ Ht4^^^ S^¥011 

£101 ^SE^ 6Ffe m^. 

^=?m 2 

XII 1 1,^011 9JiO\k\, ^Ol HIU aOIEE^ OHEE» ^^6^E^ M^E-IOII yHOj^. B}\±^m 

5fe OlIDIEHS XIU^ HI 2 b^OIMa^ M&H7:|:^E1S 31^ ^SE^ 

3 

§S ^^a(ESD)^:^^^¥El SJ^Sj SJ^ ^§¥M S^Sf:*! ^16^01 S^^^(IC)01I OiahOI 

^ ^m. m^^A-\, IC m ic eh^ixpk ic oii hi i ^'^'m ^^a^^ hi i sg. ic 

oil HI2:?l^2^^S SSm^ HI2Sg. ^ IC°I ^^^^£J l/OU^ ^S^Oll 2^I^E^ S^5h^ ^4^:'Hai 
I/O SSe ^OIE XlUOj. ifeOI Mm OHEE ^ 5H^EM XIU^ ^^:'HHI HIU EFOIE 

E; bllOl:^. M^Ei. ^ OilOIEHM XIU^ ^4^:H°J b^OIM£^ ^^XI::iE-l: ^ HI 1 ^ Xli 2 eX^S 

^^2^^ xiu^ ^^^Hsj x^%^D\m ^mo\ii. HI 1 HIU aoiEEsj 3H^E^ ^^:?i HI 1 2 s Oil s^aoi 

21ED1. HI 1 M^XI>iEH^ M^E4^ HI 1 ggOll S^£I01 SiH. HI 1 M^XI:^^E-1£1 OlIOIEH 

HI 2 SSOll S^EJOj SiEffl. iy:'l HI 1 XilU aOIEEHJ OHEE^ HI 1 X]^D\9\ HI 1 eXfOll 

S! HI 1 M^xi>^E-i^ Bitoi^ioii s^sioi hi i xi%n\2\ HI 2 BXF^ ^^::'i HI 2 ^1^2 

^^011 g^£ICH SiEDI. ^^3^^oj I/O ^§¥011 □mOI, HI 2 Xil U POIEEHI 5Hri:E^ 6^U°I l/Og 

gOll S^SCH 9111. HI 2 M^XI:^EH°I M^E4^ ^^D\ l/OSgOll g^£l01 S^Effl. ^^:'l Ht 2 ^^Xl^ 
EiSJ OlIOlEi^ HI 2 2^^011 S^aCM 9111. HI 2 HIU a0|EE°l OHEE^ HI 2 XiEOI 

°J HI 1 BX^Oll ^ ^^::'l HI 2 M^XI^EHHI tHIOI^Oll §^£101 SIEffl. i^OI Ht 1 X-lS^l°i HI 2 BXf^ 

^oj HI 2 ::'i^ 2^^011 s^£joi 91^ 3im ^se^ af^ sj^. 

S^t.^ 4 

HI 3 soil S^OIAH. ^|^^£| HIU EfOIEE^ OHEES S^S^E^ M^EHOll g^S bllOl:^ ^ BHriiES 

i^af^ oimiE4M xlub HI 3 Mi^ixir^EHe si,^of^ ^se^ a^^ ii^. 
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